


! the 


, and tts 








JX ISTIMIRANT hy STELA 








THE BASIC SCIENCE EDUCATION SERIES 


The Sun and 
Its Family 


by BERTHA MORRIS PARKER 


LABORATORY SCHOOLS, UNIVERSITY OF CHICAGO 





Junior High 


Checked for Scientific Accuracy by 
G. VAN BIESBROECK 
Yerkes Observatory 


COVER BY JAMES TEASON 





aa 
x 


HARPER & ROW, PUBLISHERS 


EVANSTON, ILL. ELMSFORD, N.Y. PLEASANTON, CALIF. NEW YORK, N.Y. 


1965 


COPYRIGHT © 1958, 1952, 1947, 1941 HARPER & ROW, PUBLISHERS, INCORPORATED, 373 





The Sun and Its. Family 


minute? “Of course not,” you will probably say; but 

you have. In fact, you are doing so at this very. 
moment. The earth, as you surely know, makes a yearly 
journey around the sun. On this journey it travels at the 
rate of about 1100 miles a minute, and it carries you with it. 
You do not realize that you are going at this terrific speed, 
because the air as well as everything else on the earth is 
going along with you. While you have been reading this 
paragraph, you have traveled at least 200 miles. 

The earth is not the only body which travels around the 
sun at great speed. The sun has a large family, and every 
member of its family is traveling very rapidly. 

As you probably know, the earth is a planet. In the sun’s 
family there are eight other large planets, all of them 
somewhat like the earth. They are Mercury, Venus, Mars, 
Jupiter, Saturn, Uranus, Neptune, and Pluto. You have 
probably seen Venus, Mars, Jupiter, and Saturn shining 
brightly in the night sky, but you may have thought that 
they were stars instead of planets. Besides the nine large 
planets, the sun’s family includes more than a thousand very 
small planets—too small to be seen without a telescope. These 
little planets are usually called planetoids or asteroids. They 
all travel around the sun just as the larger planets do. 

The earth, of course, has a moon. The moon travels around 
the earth as the earth travels around the sun. At least five 
of the other planets have moons, too. Some of them have 
several moons apiece. All the moons belong to the sun’s family. 

Perhaps the queerest members of the sun’s family are 
the comets. Many people have never seen a comet, although 
hundreds, perhaps thousands, of comets have paths around 
the sun. The picture on page 2 shows one of the best-known 
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AVE you ever traveled faster than a thousand miles a 
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Halley’s Comet 
Courtesy of Yerkes Observatory 
and The University of Chicago Press 





comets. You will not be surprised, as 
you see the tail streaming out from this 
comet, that the people of olden times 
called a comet a “hairy star.” 

In the sun’s family there are also 
millions and millions of meteors. You 
may never have seen a meteor itself, 
but you are almost sure to have seen 
in the sky trails of light made by 
meteors. Small meteors which come 
close enough to the earth to flash across 
the sky are often called “shooting 
stars.” The picture on this page shows 
the trail of a shooting star. 

Scientists call the sun and the planets, 
moons, comets, meteors, and asteroids 
which travel around the sun the solar 
system. The word “solar” comes from 
the Latin word which means “sun 
“The solar system”’ is, then, just another 
name for the sun and its family. 

You may -have been wondering, as 
you read about the solar system, 
whether there are any stars in it. There 
is only one—the sun itself. All the other 
stars are very, very far away. For 
all that anyone knows, some of these 
stars may be the centers of solar 
systems of their own. They are so 
far away that no one can tell. 

It may seem to you that, since the 
sun has a very large family, the space 
around the sun must be crowded. It 
is not. The solar system spreads over 
an enormous amount of space. In spite 
of the size of the sun’s family, most 
of this space is empty. 
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Trail of a Shooting Star 
Courtesy of Yerkes Observatory 
and The University of Chicago Presa 






Two Whys 

As you have been told, the earth is traveling 
at the rate of about 1100 miles a minute. If, 
instead of going on its path around the sun, it should suddenly 
travel straight out into space, it would be several hundred 
million miles away from the sun at the end of a year. The 
earth would then get so little light and heat from the sun 
that no one could live on it. 

It is certainly fortunate for the living things on the earth 
that the earth does stay on its path around the sun, but 
why does it? What keeps the earth from going on an endless 
excursion into space? 

It cannot go on such an excursion because of the sun’s 
pull on it. The earth is more than 90 million miles from the 
sun, but the sun is so huge that it pulls the earth with 
tremendous force. Scientists call the kind of pull with which 
the sun is pulling the earth the force of gravitation. Often 
it is called gravity for short. 

Knowing about the pull of the sun answers one “why,” but 
it raises another. Why, if the sun is pulling the earth with 
tremendous force, is the earth not pulled into the sun? 

The sun cannot pull the earth in because of the earth’s 
speed. The earth is traveling so fast that the pull of the sun 
can only keep the earth traveling round and round the sun. 

The sun, then, is pulling the earth with so much force 
that the earth cannot move away from the sun, and the 
earth is moving so fast that it stays always about the same 
distance from the sun. It travels the same path year after 
year after year. 

The other planets are kept in their paths just as the earth 
is. The sun’s pull on the nearer planets is very much greater 
than its pull on the outer planets. It is not surprising, then, 
that the nearer planets are moving much faster than the 
outer ones. Pluto, the planet farthest from the sun, travels 
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The Sun’s Disk 
Courtesy of Yerkes Observatory 
and The University of Chicago Press 


much more slowly than the 
earth. Mercury, the planet 
closest to the sun, travels much 
faster than the earth. 
The moons travel around the 
planets just as the planets travel 
around the sun. The moons are kept from 
running away from the planets by the pull 
of the planets. Of course, the sun is also pulling 
the moons, and they could not escape from the solar 
system even if the planets should stop pulling them. 
Asteroids, comets, and meteors are kept from running 
away from the solar system by gravity, too. Without this 
mysterious force, you can see, there would not be a solar 
system. The sun would be a star without a “family.” 


The Sun Itself 


The sun is a medium-sized star. There are stars that are 
far, far larger and others that are much smaller. Compared 
with the earth, it is enormous. If there were a hollow ball 
the size of the sun, it would take more than a million 
earths to fill it. 

You do not need to be told that the sun is very hot, but 
it is hard for any of us to picture how hot it really is. The 
es temperature at its center is believed to be about 20 million 
Zz degrees on the Fahrenheit scale—the scale we use on our — 
ordinary thermometers. Scientists, by using an instrument 
called a spectroscope, can tell from the light which comes 
from the sun what the outer layers of the sun are made 
of. They have found in these outer layers a large number 
of substances which are found on the earth. The most abun- “ 
dant are hydrogen and helium. But there are iron, carbon, : 
lead, silver, and many other materials, too. In the sun 
all these materials are gases. 
















There is nothing solid in the sun. There is nothing liquid, 
either. The temperature of the sun is so high that no material 
can be a solid or a liquid there. 

On page 6 there is a picture of the sun. Notice the spots 
on it. These spots look dark. They are dark compared with 
the rest of the sun’s surface, but they are not really dark. 
They are brighter than the white-hot iron which pours from 
the blast furnaces of our steel mills here on the earth. 

The picture on this page shows a single sunspot. 

Every such sunspot is a great tornado in 
the fiery gases on the surface of the 
sun. Sunspots last much longer than 
tornadoes last on the earth. Some- 

times they can be seen for many 

days. One spot is even known to 

have lasted eighteen months. 

Sunspots cover much more 

space than do the earth’s 

tornadoes, too. Some are 

much larger than others. 

The whole earth could 

easily be lost in one 

of the larger whirl- 
winds of the sun. 





A Large Sunspot 


Courtesy of Yerkes Observatory 
and The University of Chicago Press 








SATURN 


JUPITER 





By watching sunspots scientists have 
found that the sun turns on its azis. It 
takes the sun about twenty-five days to 
make a complete turn. 

The sun is not only turning on its axis, 
but it is also moving through space. Of 
course, as it goes, it carries its whole 
family of planets, moons, asteroids, com- 
ets, and meteors along with it. 

Perhaps you know that the moon 
sometimes comes directly between the 
sun and the earth and causes, at some 
places on the earth, a total eclipse of the 
sun. During a total eclipse, the moon hides 
all of the sun except the very edge. 
Astronomers look forward eagerly to 
total eclipses of the sun. During the few 
minutes of a total eclipse, they can study 
the outer regions of the sun better than 
at any other time. 

At the time of a total eclipse, great 
eruptions of gas can be seen shooting up 
from the sun’s surface. These eruptions 
are called prominences. The picture on 
page 10 shows a prominence. Prominences 
are rose-colored, and they shoot up for 
enormous distances. The one in the picture 
was 140 thousand miles high. The round 
disk in the picture represents the earth. 
It shows how small the earth is in 
comparison with a great prominence. 

At the time of an eclipse of the sun, 
its mysterious corona shows, too. You can 
see the corona clearly in the picture on 
page 11. Scientists think that it is merely 
a great cloud of very, very small particles 
lighted up by the main body of the sun. 
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Comparative 
Sizes of Planets 


The people of olden times, as you 
probably know, thought that the sun 
traveled around the earth. They saw it 
rise and set, and they did not know that 
its daily “march” across the sky is caused 
by the turning of the earth. They had no 
idea that the sun is-so large as it is or 
that its pull is so tremendous. They did 
know, however, that it makes life on 
the earth possible. They could see that, 
without it, the earth would always be so 
dark and so cold that nothing could live 
here. It is not surprising that many 
of the ancient peoples worshiped the sun. 
It is not surprising either that some 
primitive peoples worship it even today. 


The Nine Planets 


The word “planet” means “wanderer.” 
When the people of ancient times studied 
the night sky, they gave names to the 
groups of stars, or constellations, that 
they saw. They named one group, for 
example, Orion (“The Hunter”), another 
Leo (“The Lion’), and _ still ‘another 
Taurus (“The Bull’). They learned to 
know the stars that made up each group. 
There were some “stars,” however, that 
did not stay in any one group. At one 
time one of these “stars” might be seen 
in Leo. At another time it might be in 
Taurus or in some other group. These 
“stars” came to be called “wanderers,” or 
“planets.” Finally, it was found that they 
are not stars at all but are bodies much 
like the earth. They are wanderers because 
they are traveling around the sun. 
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Orbits of 
the Planets 


NEPTUNE 


JUPITER 





MERCURY 








Stars are suns. They shine by their own light. None of 
the planets gives off any light of its own. The planets look 
like stars simply because sunlight falls on them and they 
reflect the sunlight. The moon, as you probably know, shines 
only because the sun is shining on it. The planets are bright 
for the same reason that the moon is bright. 

The people of ancient times knew five of the nine planets. 
They knew Mercury, Venus, Mars, Jupiter, and Saturn. Of 
course, they knew the earth, too, but they did not know 
that it is a planet. They did not know Uranus, Neptune, and 
Pluto at all. Uranus was not discovered until 1781, Neptune 
not until 1846, and Pluto not until 1930. 

Every one of the nine planets is small compared with the 
sun, but compared with a baseball or a house or even a big 
state like Texas every one is immense. They are not, however, 
all the same size. Jupiter, for example, is a giant compared 
with the earth. Mercury, on the other hand, is a dwarf. The 

diagram on page 8 gives you some idea of how the 

planets compare in size. 
As you read of the speed with which the planets 
are traveling around the sun, perhaps you wondered 
what would happen if two of them ran into each 
other. If they did—if Jupiter, for instance, 
should ever bump into the earth—the wreck 
would be terrible, but there is no danger that 
they ever will. The paths of the planets do 

not cross one another. 

The path of a planet is sometimes called 

its orbit. The diagram on page 9 shows 

the order of the orbits of the planets 
from the sun. The paths of most of 
the planets are almost perfect circles. 




























Solar Prominence 
Courtesy of Mcunt Wilson Observatory 


Total Eclipse of the Sun 
Courtesy of Yerkes Observatory 
and The University of Chicago Press 





As you can easily see from the diagram, some of the planets 
have longer paths than the earth’s. Some have shorter paths. 
The planets which have the longest journeys to make travel 
most slowly. It is not surprising, then, that it takes some 
of the planets much longer to travel around the sun than 
it takes others. If the earth had an orbit the size of the 
orbit of Pluto and traveled as slowly as Pluto travels, a 
year would be nearly 250 times as long as it is now. No 
one would ever live to be a year old. 

The traveling of a planet around the sun is called its 
revolution. 

You know, of course, that the earth turns on its axis. All 
the other planets turn on their axes, too, but some turn 
faster than others. Jupiter, for example, turns so fast that 
a day on Jupiter is only about ten hours long instead of 
twenty-four. Try to imagine the differences it would make in 
our lives if our day were as short as a day on Jupiter. 

The turning of a planet on its axis is spoken of as its 
rotation. 

The table on page 12 gives many facts about the sun and 
the planets. 

One of the very common questions about the planets the 
table does not answer. This question is: Are there people on 
the other planets? No one has ever seen any people on any 
of the other planets, but we are too far away from even our 
closest planet neighbors to see anything so small as a person. 
If there are people on the other planets, they cannot see us 
unless they have far better eyes or better telescopes than 
we have. Scientists have to answer the question by telling 
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Average 
Distance ' Length of Length of Number 
Planet from the Diameter Time Taken Time Taken of 

Sun in in Miles for Revolution for Rotation Known 

Millions around Sun on Axis Moons 

of Miles 
Mercury ... 36 ¢ 3,000 88 days 88 days 0 
Venus yan 67 © 7,600 225 days 225 days (7?) 0 
Bartheeenee 93 7,900 36514 days 23 hr. 56 min i 
Marsterct. 142 ! 4,200 687 days 24 hr. 37 min. 2 
Jupiternwemen 483 87,000 12 years 9 hr. 50 min. 12 
Satumnuecee 88695} 71,500 29% years | 10 hr. 2 min. 9 
Wranusmenr en mess 29,500 84 years 10 hr. 48 min. 5 
Neptune ...| 2,791 26,800 | 165 years 15 hr. 48 min. 2 
i tOmere tear 3,671 3,600 | 248 years 6% days (7) 0 
SUN i. cater! en eels 864,000 es were ei 25 days 





whether they think people could live there. As you read more 
about the different planets, you will be told what scientists 
now think the answer is. | 


Mercury 


Mercury, the planet closest to the sun, was named for the 
messenger of the gods the ancient Greeks and Romans © 
believéd in. Since Mercury travels faster than any other 
planet, its name fits it very well. 

Mercury is so close to the sun that few people ever see it. 
It is usually lost in the sun’s glare. We can never see it late 
at night. It is so close to the sun that it never sets long after 
sunset and never rises long before sunrise. The Greeks and 
Romans thought that Mercury was two different stars. When 
they saw it low in the west after sunset, they called it 
“Mercury.” When they saw it low in the east before sunrise, 
they called it “Apollo.” The ancient Egyptians had two names 
for Mercury, too. They called it “Set” and “Horus.” 

Mercury does not always look the same when it is seen 
through a telescope (page 13). Sometimes it looks like a little 
full moon. At other times it looks like a half-moon, and at 
still others it is a crescent. It seems to change its shape 
because its path is between the earth’s path and the sun. 
When it is on the opposite side of the sun from us, its lighted 
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side is turned toward us. Then it looks like 
a little full moon. As it moves around the 
sun, the sun shines on less and less of the 
side toward us. Soon it looks like a half-moon. 
A few weeks later it looks like a crescent 
moon. When it is directly between us and 
the. sun, the side toward us is dark. Then 
we do not see Mercury at all unless we see 
it through a telescope as a little black spot 
against the sun. The different “shapes” of 
Mercury are called its phases. 

Are you surprised to see from the diagram 
that Mercury seems to change its size as 
well as its shape? You should not be if you 
stop to think that when it looks like a full 
moon it is much farther away from us than 
when it is a crescent. 

Many scientists believe that Mercury turns 
on its axis just fast enough to keep the 
same face always toward the sun. If they 
are right, one side of Mercury always has 
day. On the other side it is always night. 

Since Mercury is much closer to the sun 
than we are, you would expect that any part 
of Mercury on which the sun shines would 
be very hot. It is. The temperature of 
the sunlit part is more than 600 degrees 
(Fahrenheit)—far, far higher than boiling 
temperature here on the earth. 

Mercury has very little, if any, atmosphere. 
Remember that it is much smaller than the 
earth. As you might guess from Mercury’s 
size, gravity on the surface of Mercury 
is much less than gravity on the surface of 
the earth. Mercury may once have had an 
atmosphere, but, if it did, this atmosphere— 
at least most of it—escaped long ago. 
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Phases of the 
Planet Mercury 





Scientists have found no sign of water on Mercury. If 
there ever was any water on Mercury, it probably escaped 
into space many, many millions of years ago. 

Of course, you can see that people could not possibly live 
on Mercury. It would be hard to imagine a much more 
unsuitable place for living things. 


Venus 


The brightest heavenly body in our sky is, as you know, 
the sun. The next brightest is the moon. The third brightest 
is Venus. Venus, whenever it is seen, is brighter than any 
star or any other planet, but it is much brighter at some 
times than at others. At its best, it is about ten times as 
bright as Sirius, the brightest star, and four or more times 
as bright as Mars and Jupiter, its nearest planet rivals. It 
shines so brightly that it can often be seen in the daytime, 
even without a telescope. With a telescope it can be seen easily, 
even in the middle of the day. It is not surprising that it 
was named for the Greek and Roman goddess of beauty. 

You are almost sure to have seen Venus. For months at a 
time Venus shines in the western sky after sunset. For months 
at a time, too, it can be seen in the eastern sky before sunrise. 
It can never be seen late at night, because its path is between 
the earth’s path and the sun. Its path is far enough away 
from the sun, however, so that it can sometimes be seen for 
nearly three hours after sunset or before sunrise. 

When Venus is seen after sunset, it is often called “the 
evening star,” although it is not a star but a planet. When 
it is seen in the morning, it is often called “the morning star.” 
The people of olden times made the same mistake about 
Venus that they made about Mercury. They thought that the 
evening star and the morning star were two different “stars.” 
The Greeks called the morning star “Phosphorus” and the 
evening star “Hesperus.” 

The picture of Venus on the next page was taken through 
a telescope. Notice that in it Venus looks like a crescent 
moon. Venus seems to change its shape just as Mercury 
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The Planet Venus 
Courtesy of Yerkes 
and The University of Chicago Press 
does and for the same reason. Venus also 
seems to change its size just as Mercury does. 

Venus is often called “the earth’s twin’ because 
it is almost as large as the earth. As you might 
expect, the pull of Venus is almost as strong as 
the earth’s pull. A person who weighs 100 pounds 
on the earth would weigh about 90 pounds on Venus. 

Venus has an atmosphere, but its atmosphere may 
not be very much like ours. Scientists have not been able 
to find any oxygen in it. Scientists have not been able to find 
any water in the atmosphere of Venus, either. There may be 
oxygen and water in the lower levels of the atmosphere, 
however. There certainly are clouds surrounding Venus. It is 
brilliant partly because these clouds are good mirrors. Some 
scientists think that the clouds are not water but dust. 

No other planet comes so close to the earth as Venus 
comes, but we know more about some of the other planets 
than we know about Venus. The clouds around Venus never 
break away so that we can see its surface. Because of these 
clouds, no one knows surely how long it takes Venus to 
turn on its axis. There are no marks to watch. 

Many scientists believe that Venus keeps the same face 
always toward the sun. In that case, one side is always very 
hot and light, and the other side always dark and cold. Other 
scientists believe that Venus turns so that each part of it has 
day and night but that it turns much more slowly than the 
earth. Probably, they say, it takes Venus a month to make a 
complete turn. If the planet rotates at this speed, the tempera- 
tures under its noonday sun are almost sure to be very much 
higher than ours. There is also the possibility that it turns on 
its axis about as fast as the earth does. 

Since we do not know how fast Venus rotates, whether it 
has any water, and whether it has any oxygen, no one can tell 
whether there could be anything alive on it. It may be quite 
as bad a place for living things as Mercury. 
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The Best-Known Planet 


Of course, the best-known planet is the one we live on— 
the earth. Scientists have found out so much about this 
planet of ours that hundreds of books would be needed to 
tell all that they know. Explorers have gone to nearly every 
corner of it. Almost every part of it has been carefully mapped. 
Scientists have carried on amazing experiments to find out 
about its atmosphere. They have dug down into its rocks, 
too, to learn the stories these rocks have to tell. The earth 
still has some secrets, but they are getting fewer year by 
year. In so small a book as this one, only a very few of 
the discoveries scientists have made can be told. 

The earth is almost a perfect ball. It bulges a little at the 
Equator. The distance around the earth at the Equator is 
24,902 miles. The distance around it through the poles is 
24,819 miles. As you see, the difference is very small. 

You have already found out that the earth is moving in 
three ways at once. It is turning on its axis; it is traveling 
around the sun; and it is being dragged through space by 
the sun along with all the other members of the sun’s family. 
Perhaps it will help you to picture the earth’s movements 
if you will think of a top spinning on the deck of a ship 
bound for Europe. The top is spinning on its axis; it is 
moving about on the deck as it spins; and all the while it is 
being carried toward Europe. The movement of the earth 
through space along with the whole solar system does not 
make much difference to us. Its rotation on its axis and its 
revolution around the sun are very important. 

As you are sure to know, the turning of the earth on its 
axis—its rotation—causes day and night. It makes the sun 
and the other heavenly bodies appear to move across the sky. 
It gives us, too, one of our units for measuring time—the day. 
The traveling of the earth around the sun—its revolution— 
also helps us to measure time. It gives us the year to use as a 
measuring rod. Besides, this poe of the earth helps 
cause the seasons. 
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Before you can understand the seasons, you must know 
not only that the earth travels around the sun but also that 
its axis is tilted. Did you ever see a top leaning over as it 
was spinning? If you have, thinking of the top may help 
you picture the spinning of the earth. 

The diagram on this page shows the earth at four places 
in its journey around the sun. Notice the tilt of its axis. 
Notice, too, that its axis is tilted in the same direction in 
all four places. All during its journey around the sun, the 
earth’s axis points to the North Star. At A, because of 
the tilt, the Northern Hemisphere has days that are longer 
than its nights, and the sun is shining straight down on 
the earth north of the Equator. The Northern Hemisphere 
gets much light and heat and has summer. At the same time, 
the Southern Hemisphere has winter. 

At C, the Southern Hemisphere has long days, and the 
sun is shining straight down south of the Equator. Then 
the Southern Hemisphere has summer and the Northern 
Hemisphere winter. 

At B and D, days and nights are equal all over the earth, 
and the sun is shining directly on the Equator. Neither 
hemisphere gets more than its share of heat and sunshine. 

A few “ifs” may help explain the seasons more clearly. 
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If the earth could stop in its path without being pulled 
into the sun, there would not be any change of seasons. Each 
hemisphere would continue to have the season it was having 
when the earth stopped. 

If the earth’s axis were always tilted toward the sun 
instead of being always pointed toward the North Star, the 
Northern Hemisphere would always have summer. 

If the earth’s axis were not tilted at all, there would be 
twelve hours of day and twelve hours of night every day 
all over the world, and the seasons in the Northern and 
Southern Hemispheres would be the same. There would still 
be seasons, but there would not be much difference between 
them. There would still be seasons because the earth is not 
always the same distance from the sun. Its path is not quite 
a perfect circle. The earth is about three million miles closer 
to the sun in December than in June. If the earth’s axis were 
not tilted, both hemispheres would have summer in December 
and winter in June. 

Perhaps you are surprised to find that we are closer to 
the sun during our winter. Our winters would be colder than 
they are if we were as far away from the sun during our 
winter as we are during our summer. Do you understand 
now why winter at the South Pole is likely to be colder than 
winter at the North Pole? 

If you look at the column labeled “Number of Known 
Moons” in the table on page 12, you may think that the earth 
is very poor in moons. Of course, Mercury, Venus, and Pluto 
appear to have none at all, but Jupiter has twelve and Saturn 
nine. The earth is not really so poor in moons as it would 
seem. It has only one, but that one is unusually large. Its 
diameter is more than one-fourth the diameter of the earth. 
Some of the other planets have moons that are larger than 
ours, but no other one has a moon that is so large in 
comparison with the planet itself. The cow that “jumped over 
the moon” had to make not only a high jump of about a 
quarter of a million miles but a record broad jump, too, for 
our moon is more than 2,000 miles across. 
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The Planet Mars 
Courtesy of Yerkes Observatory 
and The University of Chicago Press 

Someone once called the earth a 
“second-rate planet of a second-rate 
sun.” If you are thinking only about 
their sizes, the earth and the sun are both 
second-rate. As you have been told, the sun 
is a medium-sized star, and the earth is a 
rather small planet. In other ways, however, 
the earth and the sun are not at all second-rate. 
The sun gives enough light and heat to make life 
on the earth possible. We would not change it for a 
larger star if we could. If we could put the great star 
Betelgeuse (bet’el-guz), for example, in its place, the 
outer edge of Betelgeuse would reach past the earth’s 
orbit, and the earth would be nothing but a cinder. Neither: 
would we trade the earth for any other planet if we could. 
So far as scientists have been able to find out, the earth is a 
very much better place for living things than any other 
member of the sun’s family. 


Mars 


Mars is the most talked-about planet in the sun’s family 
except, of course, the earth. In the sky Mars looks like a 
reddish star. Perhaps its color had something to do with the 
name it was given—the name of the god of war of the 
_ ancient Greeks and Romans. 

Mars never comes so close to the earth as Venus does, 
but scientists know much more about Mars than they know 
about Venus. It is easy to see why. When Mars is closest to 
the earth, the whole side toward us is lighted up. Besides, 
Mars is not covered with clouds. 

The picture of Mars on this page was taken through a 
telescope. Notice the white cap at its south pole—the pole 
which is uppermost in the picture. Mars has seasons just as 
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the earth has, and this picture was taken when the southern 
hemisphere of Mars was going from winter into summer. 
Except for the white caps at its poles, the surface of Mars 
is dull red with large spots of a darker color. Sometimes the 
spots are bluish-green; sometimes they are brown. 

Mars is smaller than the earth, and its surface gravity is 
much less than the earth’s. A person who weighs 100 pounds 
on the earth would weigh only 40 pounds on Mars. But even 
though gravity on Mars is less than on the earth, Mars is 
able to hold a thin atmosphere. 

Scientists are sure that Mars has an atmosphere, but they 
do not yet know exactly what it is made of. They believe that 
there is some oxygen in it but not nearly enough for people 
like us. They believe, too, that there is some water vapor in 
it but not nearly so much as there is in our air. 

At one time scientists thought that there was a great deal 
of water on Mars. They believed that the dark spots on it 
were seas and that the white caps at the poles were very thick 


-snowfields. They have now given up the idea that the dark 


spots are seas. Many scientists still think that the polar caps 
are made of snow, but others think that they are thick clouds 
instead. At any rate, much of Mars is almost surely a desert. 

At the equator of Mars the temperature is often high enough 
to be what we would call fairly comfortable. It may be 50 or 
60 degrees (Fahrenheit) in the middle of the day. At night, 
however, the temperature everywhere on Mars is below 
freezing. In places it is more than 100 degrees below zero. The 
atmosphere is so thin that it does not make a good blanket. 

We could not possibly live on the earth if there were no 
plants here. Only green plants can make their own food. We 
get nearly all of our food from them or from animals that 
eat them. Most of the plants’ we know could not live on 
Mars. There may be, however, some plants there. Perhaps 
the dark spots are swampy regions where plants are growing. 

With little oxygen, little water, and possibly no food, Mars 
certainly cannot be inhabited by people like us. Probably, 
however, you have read or heard stories of the Martians. 
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You may have read about how they look, what they eat, 
and how they build their houses. Why should there be as 
much talk as there is about people on Mars? 

The talk about people on Mars began about eighty years ago 
when an Italian astronomer announced that he could see with 
his telescope straight greenish streaks on Mars. He thought 
that the streaks were channels of water. People then said, 
“Tf there are straight channels, or canals, on Mars, someone 
must have dug them. The canals must look green because 
there are green fields on their banks.’ Then the imaginary 
stories about the inhabitants of Mars came thick and fast. 

The “canals”? of Mars are still puzzles. Some astronomers 
can see them; some cannot. Pictures taken through telescopes 
do not show them. People’s eyes play queer tricks on them 
sometimes, and perhaps the “canals” are among those tricks. 
If there are no canals, the chief reason for thinking that 
there are people on Mars is gone. 

If Mars is inhabited and if the inhabitants have eyes, they 
can see one sight which we can never see. They can see two 
moons in their sky at one time. One of the moons rises in 
the east and sets in the west just as our moon does. The other 
one rises in the west and sets in the east. The one which 
rises in the west travels so fast that it goes more than three 
times around Mars while Mars is turning around once on its 
axis. If the Martians measure time by this moon, their months 
are shorter than their days. 

Even though Mars has two moons, they would not be a 
very thrilling sight. The smaller one would look about the 
size of Venus in our sky. The larger one would look less than 
half the size of our moon. We certainly would not be willing 
to trade our one moon for the two of Mars. 


Jupiter 
Jupiter was named for the king of the Greek and Roman 
gods. As you have already seen from the table, Jupiter is far 


larger than any other planet in the sun’s family. Were it 
hollow, it could hold 25,000 planets the size of Mercury. If the 
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The Planet Jupiter 
Courtesy of Yerkes Observatory 
and The University of Chicago Press 


earth were as large as 
Jupiter, it would be exciting 
to be an explorer, for there would 

be 120 times as much land and sea 
to explore as there is now. 

‘When we see Jupiter in the sky, it looks like 
a very bright star. It is never so bright as Venus, 
but it often outshines Sirius, the brightest true star. 

The picture on this page shows Jupiter as it looks 
through a telescope. Notice the streaks across it. The 
streaks change from time to time, but they are always there. 
These streaks are great belts in Jupiter’s atmosphere. They are 
often called “clouds.” Scientists cannot see through Jupiter’s 
atmosphere even with their best telescopes. 

Sometimes great dark spots mysteriously appear in the 
“clouds” on Jupiter. No one knows what these dark spots are. 
One of the spots appeared in 1878. It was pink at first, but 
within a year it became bright red. It showed more plainly 
than any other of the markings on Jupiter. Scientists called 
it “the great red spot.’ It has disappeared and appeared again, 
and it is still a mystery. 

Jupiter is such a giant that you might expect its moons 
to be big, too, and some of them are. Two are larger than 
Mercury, and two others are about the size of our own moon. 
The others are small. 

The larger moons of Jupiter are almost large enough to be 
seen without a telescope. In fact, a hunter in Siberia once 
pointed to Jupiter and told a traveler that he had seen that 
star swallow a little star and then vomit it up again. He had 
really seen one of Jupiter’s moons disappear behind the 
planet and another come into view. 

As you would expect from the size of Jupiter, the surface 
gravity of this planet is much greater than the earth’s. You 
may be very glad that the earth’s surface gravity is not so 
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great as Jupiter’s. If it were, we would weigh two and a half 
times as much as we do now. A 100-pound boy, for example, 
would weigh 260 pounds. It would be hard for us to walk 
about—we would feel as if we had lead weights in our shoes. 

There are certainly no people on Jupiter. Jupiter is too 
cold—its temperature is always far, far below freezing. 
Some scientists think that there is a great deal of ice on the 
surface of this giant planet. Any water there would certainly 
be frozen. Even if it were not too cold, Jupiter could not be 
inhabited, because its atmosphere would be suffocating. Prob- 
bly it is made mostly of ammonia and marsh gas. 


Saturn 


Saturn, the most distant planet the people of long ago knew, 
was named for the ancient god of time. Many people think that 
Saturn is the most beautiful of all the heavenly bodies. You 
can understand why when you look at the picture below. 
Unfortunately, the rings which help make Saturn beautiful 
cannot be seen without a telescope. Unless one sees it through 
a telescope, Saturn looks like a very ordinary white star. 

For a long time Saturn’s rings were a puzzle. Now scientists 
are sure that they are made up of millions of separate particles, 
possibly crystals of ice. These particles are traveling 
around Saturn rapidly. If they were not, they 
would fall to the surface of Saturn. 
In addition to the rings, Saturn 
has nine rather large moons. 
Perhaps it once had 
ten, for some 


















The Planet Saturn 
Courtesy of Yerkes Observatory 
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Uranus and Two of Its Moons 
Courtesy of Yerkes Observatory 
and The University of Chicago Press 


scientists believe that the rings of Saturn were made from a 
moon which came very close to Saturn in its travels—so close 
that it was pulled to pieces. 

Although Saturn is very much larger than the earth, its 
surface gravity is not much more than the earth’s. A great 
deal of the planet must be made of very light material. If 
you could visit Saturn, you might find that trying to walk on 
its surface was somewhat like trying to walk on a cloud. 

We are sure that there are no people living on Saturn. It 
is far colder even than Jupiter. It has an atmosphere, but 
not one like ours. If there are living things of any kind on 
Saturn, they are very different from any that we know. 


Uranus 


Uranus, named for the Greek god of the heavens, can 
barely be seen without a telescope. It was discovered by the 
famous astronomer Herschel in 1781. Before that time 
everyone who had seen it had thought that it was a faint 
star. When it was first discovered, Uranus was sometimes 
called “Herschel” in honor of the scientist who discovered it. 

Scientists do not know much more about Uranus than you 
were told in the table on page 12. Its picture on this page tells 
very little. Uranus is so far from the sun that it gets much 
less light and heat from the sun than the earth gets. Its _ 
temperature is probably more than 300 degrees below zero 
(Fahrenheit). Uranus cannot possibly be inhabited. 
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Neptune 


Neptune, which you see in the picture on page 26, was 
named for the ancient god of the sea. We can never see this 
planet without a telescope. It is too far away from us and from 
the sun. It is true that we can see thousands of stars, all 
of which are much, much farther away than Neptune, but 
stars are huge suns. They do not have to be lighted up 
by our sun in order to shine. Neptune is so far away from 
the sun that the sunlight which reaches it is only about one 
nine-hundredth as bright as sunlight on the earth. From 
Neptune the sun would look to be only about the size that Venus 
looks to us. 

As you would expect, Neptune is even more of a refrigerator 
than Uranus. No one could possibly live there. 

Neptune was discovered in 1846. Since its discovery it has 
not yet had time enough to make one trip around the sun. 
Neptune will not be back again in the place among the stars 
where it was first seen until the year 2011. 

Perhaps the most interesting part of Neptune’s story is the 
story of how ‘it was discovered. Scientists were puzzled by 
Uranus. This planet did not follow exactly the path they — 
thought it should follow. It acted as if another planet farther 
away from the sun was pulling it. A young Englishman, 
Adams, decided to find out where this unknown planet would 
be if there was one. He did a great deal of calculating and 
then asked the Astronomer Royal of England to look for a 
new planet in the place where he thought it must be. The 
busy Astronomer Royal thought that he would be wasting his 
time if he looked for a planet out beyond distant Uranus, and 
kept putting off the task. 

While Adams was calculating where the planet would be, 
a young Frenchman named Leverrier was working on the 
same problem. When Leverrier finished his calculations, he 
sent a message to a young German astronomer, Galle, to ask 
him to look for the planet. Galle was excited about the idea. 
On the first possible evening after he got Leverrier’s letter, 


25 





Neptune a One of Its Moons 


Courtesy of Y¥ s Observatory 
and The Universi Bets of Chicago Press 


Galle looked for the planet in the place where Leverrier said 
it would be; and he found it! 

Afterward it was shown that Adams’ figures were almost 
the same as Leverrier’s. Together, Leverrier and Adams are 
called the discoverers of Neptune. 


Pluto 


Pluto, the planet named for the Greek god of the lower 
world, is much harder to see even than Neptune. It is easy 
to understand why. Pluto is nearly a billion miles farther from 
the sun. Besides, it is much smaller than Neptune. As the 
chart on page 12 tells, Pluto is the next to the smallest of the 
nine planets. 

The discovery of Pluto was first announced on March 13, 
1930. It was discovered by astronomers of the Lowell 
Observatory at Flagstaff, Arizona. 

After Neptune was found, astronomers thought that there 
might be still other planets. In 1905, Percival Lowell of 
the Flagstaff observatory started the astronomers at that 
observatory to looking for a planet out beyond Neptune. They 
took many photographs of the part of the sky where Lowell 
believed the planet might be found; and finally, after a 
twenty-five-year search, they found it. On the next page there 
are two photographs of Pluto. The arrow in each picture points 


26 


to Pluto. The other dots are stars. Notice that Pluto’s position 
among the stars is not the same in the two pictures. 

People could not possibly live on Pluto. This planet is so 
cold that even its air, if it has any, must be frozen solid. 

Perhaps you have heard Pluto called “the new planet.” Of 
course, it is not really new. It is as old as all the other 
planets. It is simply newly discovered. 

Is Pluto the outermost planet in our solar system? No one 
knows. There may be other planets still farther out in space. 
We may not yet know all the planets in the sun’s family. 


The Asteroids 


As you have been told, there are many tiny planets—the 
asteroids, or planetoids—in the sun’s family. Astronomers 
have now counted more than a thousand asteroids. Probably 
there are many more which are so small that they have not 
yet been found. 

Astronomers go asteroid hunting with camera plates and 
telescopes. A telescope is turned toward a certain part of 
the sky. By its machinery the telescope is then made to 
change position as the earth turns and to keep on pointing 
to the same place in the sky. A picture—a time exposure— 
is taken through the telescope. In the picture, each star shows 
as a small dot of light: An asteroid shows as a streak of light 
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instead. It shows as a streak because it is 
moving rapidly and is fairly close to us, as 
sky distances go. The picture on this page 
shows the trail of the asteroid E’ros. 

The largest asteroid known is Ceres. Even 
it is far smaller than our moon. It is only 
480 miles in diameter. Most of the asteroids 
are much smaller. Many are only a few 
miles in diameter. Amor, a little asteroid 
discovered in 1932, is only a mile or so across. 

Of course, gravity on the asteroids is not 
great enough to hold an atmosphere. No one 
could possibly live on any of these tiny 
planets. Although no one could live there, 
you may find it fun for a moment to imagine 
that you are on one of them. Suppose, for 
example, that you are on Eros, which is only 
about 18 miles in diameter. The asteroid 
pulls you so little that your feet seem as 
light as feathers as you walk about. You 
find that you can lift an automobile as 
easily as you can lift a tricycle here on the 
earth. If you give your hat a toss in your 
excitement, it sails away and never comes 
back again. You must watch your step very 
carefully. Be sure not to try a high jump, 
for, if you do, off you will sail into space 
yourself. We should be very glad that the 
surface gravity of the earth is greater than 
the surface gravity of Eros. 

The paths of most of the known asteroids 
are between the paths of Mars and Jupiter. 
Some asteroids, however, are out beyond 
Jupiter, and a few are inside the orbit of 
Mars. Amor was only 10 million miles away 
from the earth on March 22, 1932, and another 
asteroid named Apollo was only 614 million 
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miles away from the earth in May of the same year. There 
was some fear that Apollo would collide with the earth. 
Some scientists believe that the asteroids came from a 
large planet which once had a path between Mars and Jupiter. 
This planet, they think, wandered too close to Jupiter and 
was pulled to pieces. Perhaps these scientists are right. The 
asteroids may be the wreck of a planet of yesterday. 


Comets 


On May 18, 1910, some of the morning newspapers had 
such headlines as “Earth in Danger’ and “Today May End 
World.” On this day, so astronomers had said, the earth was 
to go through the tail of Halley’s comet—the comet shown in 
the picture on page 2. Many people were frightened and 
believed that the earth would be destroyed. The earth did go 
through the tail of the comet just as the astronomers had 
said that it would, but nothing happened. So far as anyone 
could find out, the comet did not harm the earth at all. If 
the astronomers had not told about it, no one would have 
known that anything out of the ordinary had happened. 

It was no new thing for people to be afraid of comets. 
People used to be afraid of them because they thought that 
a comet was a warning of some great disaster such as a 
plague or a war or a flood. The picture of a comet on page 32 
is taken from a very old tapestry that tells the story of the 
Norman Conquest. The comet is Halley’s comet, which was 
visible in 1066 when William the Conqueror came over from 
Normandy and seized the English throne. Probably many of 
the English people blamed the defeat of their king on the 
comet. It was also visible during the war of the Christians and 
the Turks in the fifteenth century, and the common prayer 
of the Christians was, “Lord, save us from the Devil, the 
Turk, and the Comet.” 

Comets with their streaming tails are very large, but there is 
really nothing about them that should terrify anyone. A comet’s 
head, which in most cases is more than 50 thousand miles in 
diameter, is made up partly of a great swarm of little pieces 
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of rock and iron. It is made up partly of gases of different 
kinds. The gases form a bright cloud around the swarm of 
solid particles. When a comet comes near the sun, the sunlight 
drives out some of the gas from the head of the comet to 
form the comet’s tail. A comet has a tail only when it is near 
the sun. The tail of a comet always streams out away from 
the sun. It may stream out for 100 million miles. The particles 
of gas in the tail of a comet are very far apart. It is not 
surprising that it does not hurt the earth to go through a 
comet’s tail. So far as scientists know, the earth has never 
had a head-on collision with a comet. If it should have one, 
the swarm of particles in the comet’s head would probably 
not do much damage. 

Sometimes comets are so bright that they can be seen in 
the middle of the day. Most of them, however, are faint and 
are never seen except through telescopes. 

Comets would not have been so terrifying to the people of 
long ago if they had not appeared and disappeared so suddenly 
as they did. There is now no mystery about their comings 
and goings. Comets cannot be seen unless they are fairly close 
to us, and they are not close to us for very long at a time. 
They have paths around the sun, but their paths are not at 
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all like the paths of the earth and the other planets. The 
diagram on page 30 shows the path of Halley’s comet. The 
paths of all the comets are believed to be much alike. 

The orbits of some of the comets reach far beyond Pluto. 
It takes some of the comets hundreds or even thousands of 
years to travel over their long paths. 

Some comets we see comparatively often. The paths of 
more than twenty comets reach out only to about the orbit 
of Jupiter. These comets are sometimes called ‘“Jupiter’s 
family of comets.” The paths of two others extend to about 
the orbit of Saturn. Neptune has a family of seven comets. 
Halley’s comet is one of them. 

When you know the shape of a comet’s path, it is easy to 
see why we sometimes go through the tail of a comet. The 
paths of some of the comets cross the path of the earth. 
There are no stop signs at the crossroads. If the earth and 
a comet reach a crossing at the same time, they are sure to 
run into each other. 

Of all the comets, Halley’s is the most famous. Most comets 
are named for the men who discovered them. Halley’s comet 
was named, instead, for the man who worked out its orbit. 
Halley did so, in 1682. He then announced that the comet 
would come back into view in about seventy-five years. No one 
had ever predicted before when a comet would appear. About 
seventy-five years later, the comet appeared just as Halley had 
said that it would. He had made a mistake of less than a month 
in his calculations. As you have been told, Halley’s comet 
appeared in 1910. It is due for another visit in 1986. 

Sometimes comets are expected and do not come. 

In such cases the fault is not that the astrono- 
mers have made mistakes in their figures. 
Instead, something has happened to the 
comet itself. As a comet passes near a 
planet, the gravity of the planet may 
tear the comet to pieces. Probably 

in time most of the comets will be 
destroyed. 
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Courtesy of Yerkes Observatory 
and The University of Chicago Press 


Shooting Stars and Fireballs 


In old Egyptian writings there is a story of a night when 
the stars “jumped about like grasshoppers.” The story tells 
that the Egyptians were much frightened. Of course, the real 
stars were not jumping about. The Egyptians simply saw a 
shower of shooting stars, or meteors. 

At many other times in history people have been frightened 
by showers of shooting stars. In Rome in 650 B.C. there was 
so great a shower of meteors that the Romans decided that 
their gods were very angry, and a nine-day religious festival 
was held. Only about a hundred years ago in our own South 
there were so many shooting stars that many people thought 
that the world was coming to an end. 

Shooting stars are really not at all like stars. The smallest 
star scientists know anything about is almost as large as 
the earth. Most stars are far larger. Shooting stars, on the 
other hand, are little things. They are bits of iron or stone 
so small that you could hold hundreds of them in your hand 
at once. Most of them are much smaller than peas. 

There are millions and millions of meteors traveling around 
the sun, but they do not become shooting stars unless they 
‘come so close to the earth that its gravity pulls them toward 
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it. Then they fall through the air, and they fall so fast 
that they become white-hot by rubbing against the particles 
of air. In fact, they become so hot that they are completely 
destroyed before they reach the earth’s surface. 

Shooting stars are very much closer to us than any of the 
real stars. Most of the shooting stars we see are less than a 
hundred miles above our heads. The nearest real star (not 
counting the sun) is more than 20 million million miles away. 

Some meteors which the earth pulls toward it are much 
bigger and brighter than shooting stars. These meteors are 
called fireballs. A fireball may explode into small pieces in its 
rush through the air. It may instead reach the ground as a 
large chunk of iron or stone. The meteors which reach the 
earth’s surface are known as meteorites. The picture on 
page 34 shows a large meteorite. 

The largest meteorite ever found weighs 3614 tons. Peary, 
the explorer who discovered the North Pole, found this great 
meteorite lying on top of the snow in Greenland. He brought 
it to this country, and it is now in a museum in New York City. 

Meteorites can do a great deal of damage. In 1908, a group 
of meteorites fell in Siberia. They fell in a forest and killed 
all the trees for many miles around the place where they 
landed. Fortunately, there were no people close by. The great 
hole shown in the picture on page 35 is supposed to have been 
made by a group of meteorites which fell in what is now 
Arizona many thousands of years ago. 

Meteorites are not very common. Probably several hundred 
reach the earth in the course of a year, but many of them 
fall into the sea. 

Shooting stars, on the other hand, are very common. Millions 
of them reach the air every day. It is fortunate for us that 
they are destroyed before they reach the earth’s surface, for 
they are falling so fast when they come into the atmosphere 
that they could do great damage if they hit anything. 

The great showers of shooting stars occur when the earth 
happens to meet a swarm of meteors. The earth crosses the 
paths of a number of swarms of meteors each year in its 
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journey around the sun. The paths of the swarms of meteors 
are like the paths of comets, and no wonder, for the meteors 
of these swarms are thought to be pieces of broken-up comets. 

Not all meteors belong to these swarms. Where the other 
meteors come from no one is sure. Some are probably pieces 
of old planets. Perhaps some have come into the solar system 
from outer space. 


How Our Solar System Began 


How did the sun get its huge family? For years scientists 
have been trying to find an answer to this puzzle. One scientist 
after another has found what he thought was the answer 
only to have other scientists find flaws in it. Of course, 
there is no record of what happened. Scientists can only try 
to find out what happened by studying the sun and its family 
as they are now. No story of the beginning of the solar 
system can ever be proved. 

This is one story: A few thousand million years ago there 
was nothing of our solar system but the sun and a great whirl- 
ing cloud of gas around it. The cloud of gas gradually whirled 
itself into a pancake-shaped disk. The disk was the shape of 
the rings of Saturn, but of course it was much, much bigger. 
Inside the big whirl there were many smaller whirls. 
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Meteor Crater in Arizona 


Courtesy of Yerkes Observatory 
and The University of Chicago Press 


In time the gas in the big whirling cloud began to condense— 
to change into tiny bits of solid material like grains of dust. 
They grew bigger as more gas condenséd. Small lumps were 
formed. As millions of years passed by, these lumps grew. At 
last some of them were big enough to begin pulling dust and 
gas particles to them. Then they grew faster. The various 
lumps formed out of the cloud of gas became the planets, 
asteroids, moons, and comets. . 

Remember that this story of the beginning of the solar 
system may not be the true one. There are many other ideas. 
Perhaps one of them will prove to fit in better with what we 
know about the sun and its family today. 


See for Yourself 


1. Look at the weather report in the newspaper to find out 
which planets are evening stars now. Look for those planets 
in the sky the first clear night. 

2. On some night when a planet is visible compare it with 
the stars that are visible. Can you tell from its appearance 
that the planet is not a star? 
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3. Make a model of Mercury out of modeling clay. Make 
it half yellow and half gray. By holding your model in 
different positions, try to show all the phases of Mercury 
shown on page 138. 

4. On a large sheet of paper draw a circle 14 inches in 
diameter to stand for the orbit of Mars. Make a dot in the 
center of the circle to stand for the sun. With the sun as the 
center, draw a circle 9 inches in diameter to stand for 
the orbit of the earth, and one 7 inches in diameter to 
stand for the orbit of Venus. Make three tiny clay balls to 
stand for Mars, the earth, and Venus. Put the earth anywhere 
you please on its orbit. Put Mars on its orbit as close to the 
earth as possible. Put Venus on its orbit as far away from! 
the earth as possible. Do you see that Mars may be much 
nearer to us than Venus even though the orbit of Venus is 
nearer our orbit than is the orbit of Mars? 

5. Use a table tennis ball to stand for the sun. Use small 
marbles or ball bearings to stand for the planets. Place 
the planets at the proper distances from the sun, using the 
scale of 1 inch for 10 million miles. The table on page 12 
will help you. 

Do you see now that, in spite of the size of the sun’s 
family, the space around the sun is not crowded? 

6. Cut out of cardboard a circle 27 inches in diameter to 
stand for the sun. Cut out a circle 14 inch in diameter to 
stand for the earth. Paste the small circle on the large one. 
Your model should give you a good idea of how the earth and 
the sun compare in size. Draw a line across the “sun” through 
the center. Paste a solid row of “earths” along this line. 
How many earths does it take to make the row? 

7. The sun and the various members of its family often get 
into the news. Watch the papers for news items about them. 

8. From a newspaper or almanac find out the exact times 
of sunrise and sunset today. How do the days compare with 
the nights in length at this time of year? 


LITHO. IN U.S.A. 


‘ 
a a ee ee oe 


Q 181 P234 1959 Bk=26 
PARKER BERTHA MORRIS 
BASIC SCIENCE EDUCATION 


MZ 40042828 CURR 


HIV 


SERIES 


* 








